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A METHOD FOR TRANSFORMING TEMPERATURE DISTRIBUTIONS TO NORMALITY'

Morris S, Webb, Jr.
Weather Service Forecast Office
National Weather Service Western Region, NOAA
San Franc1sco, Callfornia‘

ABSTRAGT. A method of transforming and fitting
temperature distributiong to the normal curve
using the gamma distribution is presented. At
the same time, the worth of thé programmable
calculator is once agajin demonstrated. The
concept of ""base temperature" is introduced in
the presentation: a concept which permits the
gamma distribution to be used with non-positive
as well] as positive values. An actual tempera-
ture distribution is transformed to normality

using steps contained in a program designed to
normallze meteorologleal variates. The resultant
'normal curve is then used tq determine cumulative
temperature probabilities,

A METHOD FOR TRANSFORMING TEMPERATURE, DISTRIBUTIONS TO NORMALITY

Most. meteorologlcal varlates are nqt nqrmally dlstrlbuted 'his
is true in the case of. temperature whose distributions are often
skewed. : :

It is desirable'tp transform and fit skewed distributions, such
as temperature, to the normal curve. This is because many useful
statistical tests such as analysis of variance, hypothesis testing
about the mean, etc., are valid only for normal distributions. 1In .
addition, the temperature distribution once transformed can be
represented as a smooth curve on probability graph paper, thus
alloying easy determination of temperature frequency.

How can temperature distributions be transformed to normality?
One way is to use the gamma distribution to fit and transform the
temperature distribution (Panofsky and Brier 1958). TUnfortunately,
the transforming process is usually tedious, involves complicated
equations, and hard-to-read tables.

Enter the programmable calculator! These_electfonic marvels
make the process of "normalizing" temperatures virtually painless,
especially if the calculator is designed to accept magnetic program
cards. »
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However, the gamma distribution can be used only if the distribution
to be transformed consists of positive numbers. Obviously, temperatures
expressed in (°F) or (°C) can assume Values of .zero or below.

One way of solving this problem is to select a 'base temperature"
which, when added to each temperature in the distribution, will make
all the temperatures positive. The base temperature should be a few
degrees lower than the dlstrlbutlon s lowest temperature if the dis-
tribution has positive skew, or a few' degrees higher than the distri~
bution's highest temperature if the distribution has negative skew 1/.

The author's formula for obJectlvely determlning the base tempera-
ture is as follows.f

/3821 . i
TBASE ir (Tx - TM) + TM RER
. [N""l} . sy v ? k) .

Values o:f Z [N/(I\ri-l)] can be obta:med from Flgure 1

The program to normallze meteorologlcal dlstrlbutlons con31sts
of 435 steps 2/. It is designéd to run on a Texas Instruments SR-52
calculator. The program flowchart 1s shown in Flgure 2.

For purposes of illustration,'the author will show how January
minimum temperatures at Laramie, Wyoming, are transformed to normality
using steps outlined in the program.3/ Laramie's winter temperature
distributions show large skew and wide extremes—-ln other words, a
good test for the program, »

The sample temperatures are selected and the resultant distri-
bution checked for the sign of its skew. 1In this case, a random -
sample of 100 elements is selected from a population of 62Q January
minimum.temperatures at Laramie. The sample temperatures are then
arrayed, as in Table 1. Since Ty = 12°F,. Tyopg = 14°F, and TX —33°F
(maximum Tl) ‘and -46°F (mlnlmum Tl), the sample dlstrlbutlon 1s ;'
assumed to have negative skew. '

TRASE needs to be determined, because the distribution has nega—
tive skew and contains temperatures < 0°F. Since N = 100, N/(N+1) =

100/101 = 0.9900990099. Using Elgure 1, Z300/101 is found to be equal to

1/ T4 - TBASEI should be kept as small as possible. Otherwise T'(4),
a term influenced by the size of Z]T - TBASEl ‘will "become too large

for the calculator to handle.

2/ See appendix.

3/ .The author had previously normalized Laramie's temperatures, while
stationed at WSFO Cheyenne.



2.33. Substituting 12°F for Ty, '33°F for Ty, and 2.33 for ZN/(N+1)
yields a Tgasg of 39.13763204°F. Pressing the keys FIX , 0 ', and
RUN truncates the fractional part of the number and places the integer
39 in the data register reserved for TgASE-:

The next steps involve the computation of sums which are used to
solve later equations. Each T; is entered into the program by success-—
ive keystrokes, with sums for Tj, Tiz, ;' = |Ti - TBASE’a 1n(Ti'),
and i accumulated in agppropriate data registers. After all 100 temper-
atures are entered, the following sums are obtained:

LTy =997

Y 1,° = 28,953

T1 =293 |
§i1n<rif)'= 525.5576843++

The above sums are used. to solve equations for the dlstrlbutlon s

mean, standard deviation and skew, and the terms A, 4, and B which are

used tc compute T(4) and values of y(4,T'/B). Substituting the approp-
_riate data reglsLer contents into the equations yield the following:

T=12n/8 = 997/100 = 9.97°F.
Ty - W)/ - 1) qjkzs 953 - 10005 97>2>/<1oo - 1)
='13 86°F

S = 3(T - /s = 3(9.97 - 12)/73.96 0439
4 %v_lh(ZTi'/;;) - Z1n(T5" )/H = 1nfz,933/1oo> - 325. 5576343"/100
= 0.1127529346++
= (1 +V1 + (4/3)8) /b4 = L 1 +V1 + (4/3)-(0. 1122529346--2)
_ b, 595307802" 0. 1127525306+
B = (?:Ti'/N)/a = (2, 903/100>/4 595307802~ = 631731 3496"
LT = S e-lotar
277 (»+5)(a+5) [(a +5) -

o>
1

12( 5) 360(a+5 3]

(a+4)(a#3)(a+2)(aﬁl)°a
= 13.29286832+-, with error/T(3) < 2(2077)

s

Thus, error < 2, 7(10-6)

4/ The two dots preceding the superscript 1nd1cate the number is accurate
to 12 significant digits in the data register. However, the display reg-
ister in the SR-52 is capable of show1ng only 10 of these digits.

3




The solutions for &, B, and T'(4) are stored in data registers, so i
they can be recalled for subsequent computatmons._ f._ D ' o

By entering a temperature T into the program at‘this peint,\a
value of the incomplete gamma function corresponding to T' can be ..
obtalned The formula for the 1ncomplete gamma functlon is: e e

Ve, - Sta"l “'tdt o
(T'/B)a *(T'/B)z: (T'/ﬁ)n

(é+i)°'-(a+n7

An iterative technique is used to solve. the above formula.
The iterative process continues until the series portion of the formula
achieves a predetermined accuracy-~-in this casé, "accuracy to seven
significant figures. The series is then multiplied .by the terms
preceding it, yielding a value of the. incomplete gamma function.

Dividing v(4,T' /B) by T'(a).. yields the cumulative frequenc1es P(T)
and Q(T) = [1 .- P(T)] for a tempetature T. Values of ¥(4,T' '/B), P(T), -
and Q(T) for selected January minimum temperatures at Laramle are listed

in Table 2.,

Information concerning temperature which was previously unkndwh
or hard to determine can be easily interpolated from fitted gamma
distributions . such as the one in Figure 3. The January minimum
temperature at Laramie should be >28°F in only about 5 percent of the
observations; 21 percent of the observed minimums should be <0°F;

80 percent of the observations should lie between -8°F and 25°F, with
36 percent of the observations being between 16°F - and 32°F. In other
words, the gamma curve makes 1t easy to express temperature data 1n
probabilistic terms. o S . R . -

Thus, temperatures as well as other meteorological -distributions
can be transformed to normality by using the gamma distribution as a
transforming agent. The process, can be: hastened. considerably and
actually made easy by ‘letting a programmable calculator do the dirty
work. Hopefully, this presentation will prove useful to those who
wish to try the method out at their own statlon, or on other meteorolog—
ical variates. : :
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TARIE 1 - TABLE 2

SAMPLE OF 100 JANUARY MINIMUM TEMPERATURES AT LARAMIE, WYOMING VALUES OF ¥ (a,T'/B), P(T), AND Q(T) FOR SELECTED
USED 10 TEST THE PROGRAM JANUARY MINIMUM TEMPERATURES AT LARAMIE, WYOMING
(TEMPERATURES ARRANGED FROM HIGHEST TO LOWEST VALUE)
- T(°F) | r(&,1'/8) P(T) oT)
i T,(°F) i 7,(°F) i 174 (°F)
. 37 0.00085 0.00006 0.99994
1 33 41 1k 81 1 35 0.01592 0.00120 0.99880
2 33 42 14 82 0 30 0,35198 0.0264E 0.97352
3 31 13 14 83 0 25 1.45297 0.10930 0.89070
s 30° : Zm 1t gh 0 io 3.‘26784 0.24583 0.75417
2 . k. g -1 5 '5.40220 0.40640 0.59360
g 27 E%' ik -1 12 6.66542 0.50143 0.49857
7 27 y7 14 87 ) 10 7 46000 0.56120 0.43880
8 26 48 13 88 -0 . 5 9.20132 0.69220 0.30780
9 25 Ll 13 89 -5 0 10.54512 0.79329 0,20671
10 25 . 50 12 90 --% =5 | 11.51347 0.86614 0.13386
I3 25 51 12 91 - _ =10 12.17533 0.91593 0.08407
12 24 52 11 92 ~13 <15 | 12.60905 0.94856 0.05144
13 24 53 11 : 93 =13 ) -20 | 12.88370 0.96922 0.03078
1L 23 5l 10 9l ~12 ) 25 13.05274 0.98194 0.01806
12 23 52 10 92 -1 =30 | 13.15430 0.98958 0.01042
1 23 5 10 9 =17 =35 13.21409 0.99407 0.00593
17 22 57 10 97 -18 40 | 13,2867 0.99668 0.00332
18 22 58 9 ...98 -22 -45 1 13,26835 0.99816 0.00184
19 22 59 9 99 -3 «50 13.27942 0.99899 0.00101
20 22 60 100 k6 ~55 13.28556 0.99956 0.00055
AT } &a '9i -60 13.28893 0.99970 0.00030
22 21 62 8 .
23 20 63 8
24 20 6k 8
22 20 62 7
2 19 7
27 19 67 &
28 18 68 6
29 18 69 5
30 18 70 5
31 1 71 5
32 18 72 5
33 17 73 5
3h 17 74 T
17 - zg 3
3 17 7 3
37 17 77 2’
38 16 78 2
39 16 79 2
. I 80 2



" APPENDIX

ACTUAL SR-52 PROGRAM

' USED TO NORMALIZE METEOROLOGICAL VARIATES

(X replaces T in most of the symbology, since the program
is used to normalize meteorological variates other than
temperature).
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SR-52 . TTLE_Ra S o SkEW, 8o ano B pAGE_2  OF_ 3 SR'5;2
User Instructions PROGRAMMER _MorRis S. WEBsB, JR. DATE__U4/16/77 Codmg Form
Mean, Stanparo, DeviaTion,

TITLE_Skews 8o anp B pace_l OF_3 Loc comilev COMMENTS| LOGC |copE| keY |commenTs| Loc |cope] kev commenTs|| LaBELS |
[ [eAx | [@Bx ™ 146 %Bl’— 54l ) do| @ 'ZX." A Xi
XeAse X | s Tskew [T ] I | T 12 | ¥p 56 [*RTN ds| ¢ 4 .-

Xi i [ a B | mepIAN ] | | | 53| ( % | g FLBL 23 LNX‘ ca
43 |RCL TR 441 sum o 8
ST OCEDURE S LAY N
Ep PR ENTER PRES DISP! G0 B lcomrie 53] ¢ B Tgd| @ B fax! || & Xneoran
I | Loap Proeram Carp s 1o 6 X 42 { 570 99| 9 J* A Xase
2 | CLeaR REGISTERS ' & 551+ 96| @ - g1l 1 =X
045 .
3 | .Enver menian X median E X meoian ;13 ReL o4 | 4 44 | Sum B o S
AT ! E N a1 I N D’ Skew
4 | Carcurare Xpase X maxsmin A 3.891 - g6 | @ 43| RCL Cotlre = gg | & —
= %'[XMAX/MIN—XMEWAM] zL—N/(N-i-l)] RUN X BASE glz ﬁ?f g? ? Xi 43| RcL REGISTERS
+ XMEDIAN *le J7L9JYL=¢1"3.‘I RUN XBASE(E%?EEE})_ 46 *LB';., 050 - 5 § ._IXS‘XBASE] glp % ’%SPLAY : M
: - -~ A AND Dis- ] EDIAN |
Nare %lsslsrflgipfw? /3,2,50 2 N_'{‘.IGE:JTIVAENgkgt;VTHE -X's AR Sy [AND/OR| WHEN THE 18 {*c’ 48 | *x* lewar x; 81 | HLT 92 X maxsmin |-
5 | InoepenpenT VARIABLE X; X; A X; - 53] ¢ 30 ¥+ *° 146 [FLBL %3 Xpase |
B iy izl 4N gg ( 42 | $TO 131 C |Conpeae || Xi
et A a
REPEAT STEP 5 FOR ALL X;5 311 . bo| ¢ 53] (16 % Xi
IN THE DISTRIBUTION 43 | RCL o5 5 531 ¢ AND STORE 06).X
& |Compute THE MEAN *gr X ggl O 431 RCL 43 |RCL | mwRp o7 Yo x*
095 r-
7 |Compure THE STANDARD DEVIATION *cr S 5% g; z gﬁ 2 g? g z:g;(m "
8 |Compure THE SkEW *Dr SkEw 43| RCL Q) | HLT 55| =+ 10 N-.
9 {Compure 8 C a g‘l) é 00 11g LR | Compure 431 RCL 1A
: a a ; 112 | Sums i I &
18 |Comeure B D B A 03 R?L @ g¢ 3 :zg
— o 17 *B’ Comprute ¢¢ @ - 54 ) (COMP(ITE 14
%= L% /N 4 ¥x* | s g4| 4 23] LNX [A am |5
X= 5 u [y ) w5 [ M
A (- N ) 4lsumMl » 35| — |svore ®
SKEW= - — . 53 . ( - ﬂé 6 i=1 105 ¢¢ ¢ N 18
8= [ ++/1+uass)/88 oeee A= 2 X7 L I0xTy M I Aogee] = dzne 4 [¥x* g7 a B
A — N = »
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B /q wHere X ['Z;'] i sAssl /N 07| @ I @@ 7] ,in_ 43| RcL 5
PN M EANERD T 1
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paGE_3_ oF__ 3 SR-52 7 SR-52

T ome_t/1e)37 Coding Form » User !structions
Loc [cODE| KEY_[cOMMENTS]| LOC [coDE] KEY _|COMMENTS|[LOG [coDE] KEY [coMMENTS]| LABELS | 1rrie AgMM[A,mZﬁgZiQ amma Funcrion pAGE_ | __oF__ 3
4 @ R cL J A X;
e ¢12 *siro Zs f 13 23 RQj K] 7:@).,,.” L HIle —
* SRS NN | PR SR a+5 B .
gl | w2} 43 | RCL pl 1 | 4 (T@ 1 x qmw I I 1L 1
531 ¢ gr| i 95 | = ° 8 . :
3| 521 2 w2l 51 | HLT PO e X e H STEP PROCEDURE ENTER PRESS DISPLAY
| #H] 4 ad) = 5) | EE | ~ Xpage THE “MEAN, STANDARD OEVIA-
{55 + | 41| sT0 22 L INV (Tngylgﬂmn B X TION, **+, B” PROGRAM IS To
42) 3 157 B1 ! 51 | EE Prourwe) | ¢S 1R T
651 X | . g3| 3 22 1INV D' SKEW |1 |[Loap °Rocaam Carp_ .
43| ace Sl | HLT w57 [FF1X L EINIT F {2 iCarcurare ﬂa} . A | ] Ra)
" B {Compare 4¢ FLBL Y2 [STO  (0rspray || REGISTERS : - 3 X
g1 | A /51 E |Stere 20| @  Preuncare]l 90 ) 3 NOEPENDENT VARIADLE X X ]
95 | + lamosrore| 162|421 STO | meoran 331 3 -4 Xease) HDTFNAN | Catcurate ) (4, %78) SONN | V'@, %78) (un-
g1 I " R —M _QL_ n 3| *HLT ] o o | ] | ROUNGED),
S ) AL 1 R el 46 [LBL Kot 4 5 | Cavcarare PO D P(x) (1o Five
w30 |} %) | HLT '3 19 1D e X : DECIMAL PLACES),
35| + | ¢ [FLsr | 4 531 ( os X! ! : .
rl r b LN el e | XA |Comeure I7 |*g’ {los2X -6 | Carcutate Q(x) 1 E Qx) (10 Five
syl ) 42 | 510 ’__Xs,qss 5| - CeExr DECIMAL PLACES),
;i L: ggi (2 207 Z; RCL {CompuTe f’}é;:: . REPEAETEPS_ 3-6 FOR
132 SKEW 09 X | EACH
55| + w] = 91 ] 0 N ,
43iRCL w2t M3 RCL 54 ) 11 A a PN
Al el @ e 74 To see (Be2) A
sl gri ] a2l @3] 3 5 B | Tosee X/B . B
w95 = | 51 = 551 + i - T Al V
r P j_" L It T
g}l 5’TO ég ?( !12 g :: r.(ﬁ)ﬁ;\ 7 letdr 2«/&71’—5,'(3+5)(“+5)e ()~ s + pesrarsye) ) ERROR 9 (107
e 177 s AT ) _ (Bt 73 (a+R)-(Gel)- & " T
21| HLT 93 , 1] e *LBL‘ . )"(é" x//é‘) =nSX/§7{3-le;fdtg(x Q (X/B)AZ a{qf{s)ﬁ(qm
1a2| 46 *'_BL ! 73 3 ’<zﬂ.‘1‘iqqs) ’@ *E' CLEAR 9 T
4! D | g1l 47 FCMS [Recisvegs)]  FLAGS Y. 08)
43| RCL IR 25 |CLR | 0 Pao ="
oo @ 55| + gl i HLT - ! Q) =1- P(x)
78| 3 g1 | HLT »%ﬁ‘j,’:;m 222 2
17 55| v {Comeure 541 ) 3
3 RCL‘ é AND 3¢ *'\/~ 4
gl STORE IN wr| 85| + s o
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SR-52

SR-52

TITLE PAGE_2 __OF - TITLE_Gamma / Incomerere Gamma Funerion PaceE_3___OF .
PROGRAMMER_Moageris_ S, Wesa, Jr DATE__5/29/77 Codlng Form PROGRAMMER _MORRIS S, WEARB, JR DATE__5/29 / 237 Codlng Form
LOC |CODE| KEY |COMMENTS||LOC [CODE| KEY |COMMENTS| LOC |CODE| KEY |COMMENTS LABELS LOC [CODE| KEY |[COMMENTSI| LOC {CODE| KEY |COMMENTS| LOC |CODE| KEY |COMMENTS LABELS
% The FLBL o4 | 4 {srer ys) 52| EE [iewor, | AT u2| 56 [*RTN 75 ~ 54 ) Al ¢d)
(# *8" 95| 5 27 | INV | gore | BX g [FLBL 53] ( 55| = Py
52| ¢ o0 112 | ¥ B! 1(1F neg, ag Firzro| sree gsn)|| ©Y'(@, X8) 4| D @] 1 53] ¢ oY (&,%x8)
53] ( 41 | GTO | catcurare 81 @ o P 531 ( ®2] 2 16 | *A¥ o P(x)
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NOAA Technical Memoranda NWSWR: (Continued)
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97
98

99
100

102
103

104
105
106
107
108
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Smoke Management in the Willamette Valley. Earl M. Bates, May 1974, (COM-74-11277/AS)
An Operational Evaluation of 500~mb Type Stratified RegreSSIon Equaflona. Alexander E. MacDonald, June 1974,
(COM-74-11407/AS)
Conditional Probability of Visibility Less than One-Half Mile in Radiation Fog at Fresno, California. John D.
Thomas, August 1974. (COM-74-1}555/AS)
Ctimate of Flagstaff, Arizona. Paul W. Sorenson, August 1974. (COM-74-11678/AS)
Map Type Precipitation Probabilities for the WesTern Region. Glenn E..Rasch and Alexander E. MacDonald, February 1975,
(COM-75-10428/AS) !
Eastern Pacific Cut-off Low of April 21-28, 1974. William J. Alder and George R. Miller, January 1976:(PB-250-711/AS)
Study on a Significant Precipitation Episode in the Western United States. 1Ira S, Brenner, Aprii [975.
(COM=75-10719/AS) ’
A Study of Flash Flood Susceptibility--A Basin in Southern Arizona. Gerald Williams, August 1975. (COM-75~11360/AS)
A Study of Flash-Flood Occurrences at a Site Versus Over a Forecast Zone. Gerald Williams, August 1975.
(COM~75-11404/AS)
A Set of Rules for Forecasting Temperatures in Napa and Sonoma Counties: Wesley L. Tuft, October 1975.(PB-246-902/AS)
Application of the National Weather Service Flash-Fiood Program in The Western Region. Gerald Williams, January 1976.
(PB-253-053/AS)
Objective Aids for Forecasting Minimum Temperafures a+ ‘Reno, Nevada, Durlng +he Summer Months. Christopher D. Hill,
January 1976. (PB-252~-866/AS) :
Forecasting the Mono Wind. Charles P. Ruscha, Jr., February 1976. (PB-254-650)
Use of MOS Forecast Parameters in Temperature Forecasting. John C. Plankinton, Jr., March 1976. (PB-254-649)
Map Types as Aid in Using MOS PoPs in Western United States. Ira S. Brenner, August 1976. (PB259594)
Other Kinds of Wind Shear. Christopher D. Hill, August 1976.  (PB260437/AS) :
Forecasting North Winds in the Upper Sacramento Valley and Adjoining Forests. Christopher E. Fontana, September 1976.
Cool Inflow as a Weakening Influence on Eastern Pacnflc Tropicai Cyclones. William J. Denney, November 1976.

(PB 264655/AS)
Operational Forecasting Using Automated Guidance. -Leonard W. Sneflman, February 1977.
The MAN/MOS Program. Alexander E. MacDonald, February 1977. (PB 265941/AS)
Winter Season Minimum Temperature Formula for Bakersfield, Callfornia, Using Multiple Regression. Michael J. Oard,
February 1977. .
Tropical Cyclone Kathleen. James R. Fors, February 1977.
Program to Calculate Winds Aloft Using a Hewlett-Packard 25 Hand Calculator. Brian Finke, February 1977.
A Study of Wind Gusts on Lake Mead. Bradley Colman, April 1977,
The Relative Frequency of Cumulonimbus Clouds at the Nevada Test Site as a Function of K-value. R. F. Quiring, Apri
1977,
MoisTure Distribution Modification by Upward Vertical Motion. Ira S. Brenner, April 1977,
Relative Frequency of Occurrence of Warm Season Echo Activity as a Function of Stabitity Indices Computed from the
Yucca Flat, Nevada, Rawinsonde. Darryl Randerson, June 1977.

Some Meteorological Aspects of Air Pollution in Uftah with Emphasis on the Salt Lake Valley. Dean N. Jackman and
William T. Chapman, June 1977.
glimaTg;?gical Prediction of Cumulionimbus Clouds in the Vicinity of the Yucca Flat Weather Station. R. F. Quiring,

une .



NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS |

NOAA, the National Oceanic and Atmospheric Administration, was established as part of the Depart-
ment of Commerce on October 3, 1970. The mission responsibilities of NOAA are to monitor and predict the
state of the solid Earth, the oceans and their living resources, the atmosphere, and the space environment of
the Earth, and to assess the socioeconomic impact of natural and technological changes in the environment.

The six Major Line Components of NOAA regularly produce various types of scientific and technical

information in the following kinds of publications:

PROFESSIONAL PAPERS — Important definitive
research results, major techniques. and special in-
vestigations. :

TECHNICAL REPORTS-—Journal quality with ex-
tensive details, mathematical developments, or data
listings.

TECHNICAL MEMORANDUMS --- Reports  of
preliminary, partial, or negative research or tech-
nology results, interim instructions, and the like.

CONTRACT AND GRANT REPORTS—Reports
prepared by contractors or grantees under NOAA
sponsorship.

TECHNICAL SERVICE PUBLICATIONS —Thesc
are publications containing data, observations, in-
structions, etc. A partial listing: Data serials; Pre-
diction and outlook periodicals; Technical manuals,
training papers, planning reports, and information
serials; and Miscellaneous technical publications.

ATLAS—Analysed data gencrally presented in the
form- of maps showing distribution of rainfall, chem-
ical and physical conditions nf oceans and atmos-
phere, distribution of fishes and marinc mammals,
ionospheric conditions, etc.

Information on availability of NOAA publications can be obtained from:

ENVIRONMENTAL SCIENCE INFORMATION CENTER
ENVIRONMENTAL DATA SERVICE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
U.S. DEPARTMENT OF COMMERCE -

3300 Whitehaven Street, N.W.
Washington, D.C. 20235



